An increase in daily mortality from myocardial infarction has been observed in association with meteorological factors and air pollution in several cities in the world, mainly in the northern hemisphere. The objective of the present study was to analyze the independent effects of environmental variables on daily counts of death from myocardial infarction in a subtropical region in South America. We used the robust Poisson regression to investigate associations between weather (temperature, humidity and barometric pressure), air pollution (sulfur dioxide, carbon monoxide, and inhalable particulate), and the daily death counts attributed to myocardial infarction in the city of São Paulo in Brazil, where 12,007 fatal events were observed from 1996 to 1998. The model was adjusted in a linear fashion for relative humidity and day-of-week, while nonparametric smoothing factors were used for seasonal trend and temperature. We found a significant association of daily temperature with deaths due to myocardial infarction (P < 0.001), with the lowest mortality being observed at temperatures between 21.6 and 22.6ºC. Relative humidity appeared to exert a protective effect. Sulfur dioxide concentrations correlated linearly with myocardial infarction deaths, increasing the number of fatal events by 3.4% (relative risk of 1.03; 95% confidence interval = 1.02-1.05) for each 10 µg/m 3 increase. In conclusion, this study provides evidence of important associations between daily temperature and air pollution and mortality from myocardial infarction in a subtropical region, even after a comprehensive control for confounding factors.
Introduction
An increase in mortality from heart disease in cold weather has been observed for more than half a century (1, 2) . Analyses of seasonal fluctuations in myocardial infarction (MI) morbidity and mortality have shown a heterogeneous temporal distribution, with a peak in winter and a nadir in summer (3, 4) . This pattern is consistent across many regions of the world (5) (6) (7) (8) . Studies on meteorological variables, mainly temperature, have demonstrated a relatively large effect on both hospitalization and death from coronary heart disease (9, 10) . In addition, studies on air pollution have provided evidence that increases in atmospheric pollution, both episodic events of extremely high levels and R. Sharovsky et al.
variations within the usual concentration range, are independently associated with an elevation of death by MI (11) (12) (13) .
These findings have motivated investigators to study the biological mechanisms involved. Acute exposure to cold can increase blood pressure, sympathetic nervous activity, and platelet aggregation in humans (14) (15) (16) . Experimental and clinical data have shown that pollution levels are associated with changes in blood viscosity, heart rate variability, ischemic threshold, and occurrence of life-threatening arrhythmias (17) (18) (19) . Although several studies have been published about the association of environmental variables with death from MI (20, 21) , only a few have used a comprehensive model that could clarify the independent contribution by the seasonal, meteorological, and air pollution conditions to an excess of coronary mortality. Also, only a small number of investigations of MI mortality have analyzed these associations using more precise and flexible statistical instruments (13, 22) . The city of São Paulo is located on the Tropic of Capricorn, 46º longitude, at 800 m altitude. As the city with the third largest population in the world, it offers a unique opportunity for an ecological study exploring the role of the environment in coronary mortality in a much different context of climate and mix of pollution sources compared with North America and Europe.
This kind of research is an important key for the understanding of the influence of the environment on coronary heart disease and may open new opportunities for preventive and therapeutic interventions. The objective of the present study was to examine the independent associations of seasonal, meteorological, and pollution variables with daily counts of death attributed to MI in the city of São Paulo, Brazil. The daily measurements of mean atmospheric temperature (ºC), relative humidity (%), and pressure (mbar) obtained at a single location were provided by the Astronomy and Geophysics Institute of the University of São Paulo.
Material and Methods

Statistical analysis
A table with Pearson correlation coefficients between daily deaths, weather variables, and pollutant concentration was generated. Multiple Poisson regression in a generalized additive model was adopted to study the associations between daily MI mortality, weather variables, and air pollution, controlling for seasonal trends, day-of-week, public holidays, and influenza incidence. By generating models using different spans of previous moving averages of air pollution (from the current day to a 7-day average) and weather variables (from the current day to a 2-day average), it was possible to compare the models obtained to achieve the best fitting, as described elsewhere (23) . A robust regression design, which assigns a lower weight to outliers, was used to reduce the effect of any extreme observations on the regression results (24) . This type of analysis was used to model the small expected effect of environmental factors, especially pollution, to control for the occurrence of days with atypical measures, secondary to holidays and influenza epidemics. A loess smooth function was included in the model to control for non-linearity in the dependence of mortality on seasonal trend and temperature. Loess estimates a smoothing function by fitting a weighted regression within a moving window, and the weights are close to one in the central third of the window, declining rapidly to zero outside that range, allowing a more flexible control of the variables in a given model. For seasonal variation, we used a window of 182 days that represented the seasonal pattern and for temperature a window of 50% of the data (13) .
A second model including 10 categories (deciles) for daily temperature, instead of a loess-smoothing factor, was constructed to better display this variable graphically. A similar procedure was followed for quintiles of relative humidity and sulfur dioxide. Attributable deaths were calculated for each relevant factor as a percentage of total mortality (25) .
Results
Included in the study were 12,007 fatal events secondary to MI, with a mean patient age of 67.8 years (SD = 13.6) ranging from 35 to 109 years, and 6976 (58.1%) men.
The distribution of the variables included in the analysis is shown in Table 1 . The mean daily count of deaths due to all nonviolent causes was 129.8 (SD = 19.5), the count due to cardiovascular diseases was 38.1 (SD = 8.42), and the count to MI was 16.4 (SD = 5.0). The Pearson correlation (Table 2) revealed significant relationships between daily deaths secondary to MI, weather, and air pollution.
Seasonality
Associations between long-and shortterm seasonalities and MI mortality, respec- -0.20*** -0.37*** 0.19*** 0.51*** 0.72*** 1 MI -0.28*** -0.09* 0.23*** 0.14*** 0.17*** 0.11** AP = atmospheric pressure; CO = carbon monoxide; PM = particulate matter; SO 2 = sulfur dioxide; MI = daily myocardial infarction deaths. *P < 0.05, **P < 0.01, ***P < 0.001.
tively, time trend and day-of-week variation, are presented in Table 3 . When compared to Sundays, Mondays exhibited an increased mortality with a relative risk of 1.09 (95% confidence interval, CI, 1.02-1.17).
Weather effects
The multiple regression model revealed a strong and robust association between daily MI mortality and mean temperature (2 days average). Figure 1 displays the association of MI mortality and deciles of temperature. This relationship is U-shaped (P < 0.001), with a clear deleterious effect observed as temperature decreased from about 22ºC. A lesser effect of hot temperatures was seen with an increase in the relative risk of dying to 1.11 (95% CI: 1.06-1.16) as temperature increased from 21.6-22.6 to 23.8-27.3ºC. Temperature variation was associated with an excess of 1420 deaths (11.8% of total MI deaths) during the study period.
Low humidity (2 days average) was a significant and independent variable associated with MI mortality with a relative risk of 1.11 (95% CI: 1.03-1.18) when comparing the lowest and highest quintile of relative humidity (Figure 2 ). With the methodology used, we could not detect a significant and independent effect of atmospheric pressure on MI mortality.
Air pollution effects
Sulfur dioxide levels (4 days average) were significantly associated with mortality from MI both individually and when added to the other pollutants considered (Table 3) , with no evidence of a safe threshold ( Figure  3) . The estimated effect of a 10 µg/m 3 elevation in sulfur dioxide levels was a corresponding increase of 3.4% (relative risk of 1.03; 95% CI: 1.02-1.05) in MI mortality. Carbon monoxide and inhalable particulate matter did not have significant effects on mortality either individually or when included *P < 0.05, **P < 0.01, ***P < 0.001. 
Discussion
A growing body of evidence shows that MI is not a random event but, on the contrary is associated with several known triggering factors, including environmental variables (26) . The present study confirms the independent association of both short-and longterm seasonality on MI mortality. These results give support to the stress-related return to work on Mondays as a possible trigger for fatal MI (3). The increase in MI mortality in winter even after controlling for meteorological fluctuations is intriguing and is not fully understood, although some investigators attribute this winter effect to the difference in the photoperiod (number of sunlight hours) between winter and summer (6) . It is very interesting that the seasonal variation in MI morbidity in the second national registry of MI was equivalent in colder and warmer regions of the United States of America (4) . A second study found that the seasonal variation in coronary mortality in Kuwait and Scotland is very similar (6) . These studies suggest that an acclimatization of the population to the local climate occurs and that MI deaths peak in winter not only because of absolute low temperature but possibly secondary to a decrease relative to the average annual temperature.
Given the increase in blood pressure and sympathetic nervous output with cold temperatures, Green et al. (27) proposed the holding of clinical trials involving the adjustment of antihypertensive treatment for each season. The evident influence of temperature on MI mortality may be explained by multiple physiologic functions that are modified by environmental temperature. Cold exposure increases blood pressure, sympathetic nervous output, and platelet aggregation (15, 16) . In addition, acute-phase factors, reported as prognostic elements in unstable angina, such as C-reactive protein, fibrinogen, and factor VII activity, are all higher in winter (28, 29) .
On the other hand, high temperatures have also been found to induce profound physiologic changes such as an increase in blood viscosity and cardiac output leading to dehydration, hypotension, and even endothelial cell damage (30) . A deleterious association of dry days with MI mortality was also noted by other investigators (13) , possibly due to dehydration and consequent elevation of blood viscosity. The sympathetic system probably plays a major role in defining seasonal rhythms of acute MI. This view is supported by the study of Sayer et al. (31) that showed the absence of seasonal variation in MI patients taking beta-blockers and in individuals with diabetes, possibly due to a subjacent autonomic dysfunction.
In the present study, we demonstrated a strong association between daily temperature and MI mortality in São Paulo, Brazil. This association is non-monotonic, with a typical U-shape. The temperature at which the lowest mortality occurred in our study was around 22ºC. In other areas of the globe, the most favorable temperature varies widely, from 26-29ºC in Taiwan (10) to 16ºC in the Netherlands (32) . Such variation may be explained by differences in housing conditions and by a process of acclimatization to the local climate. In fact, São Paulo, with a temperate climate, exhibits a much smaller range of temperatures than London and most cities in the United States of America. Nonetheless, the summer to winter mortality ratios were comparable to those reported for these cities. This can be explained by a steeper relationship between temperature and MI mortality in poor countries, like Brazil and Greece, with less house heating and weather protective garments (20) . Thus, it is important to emphasize the value of thermal comfort, with heating and insulation in winter and air-conditioning in summer, as well as outdoor weather protection for disease prevention, as demonstrated in the literature (22, 30) . Although particulate matter less than 10 in diameter and total suspended particles were associated with excess MI mortality in several studies (12,13), we only found an independent association with sulfur dioxide levels, which are very low in São Paulo. Sulfur dioxide is best known for its irritant effects on the respiratory system, but these effects do not seem to explain the excess mortality seen here. One possibility is that sulfur dioxide acts as a marker of other constituents produced in fossil fuel burning, like SO 4 and fine particles (33) , and for this reason could be associated with MI mortality (13) .
Limitations
A limitation of the present study was that we relied on central station monitoring for meteorological factors and the mean of 13 monitoring stations for pollution levels, instead of measurements of personal exposure to environmental variables, a fact that could weaken the associations and introduce errors in the analysis of variance. However, considering the population as a whole, we can be confident that the relationships verified here are meaningful. Errors estimating individual exposure would minimize the magnitude of the observed effect of the ambient variables, tending to produce falsenegative results, so that the effects observed here were probably underestimated. The possible role of influenza as a contributor to winter peak death rates was not considered due to the lack of data on the incidence of viral respiratory disease. A second question is the quality of the data used in the present analysis. A quality study gives support to the reliability of the death certificate in coronary heart disease in the city of São Paulo, with a sensitivity and specificity similar to that of developed countries (34) . It is not possible to prove a direct causality between environmental variables and MI mortality based only on observational studies; nevertheless, data available in the literature and in the present study point in this direction. Additional experimental and clinical research is necessary to ultimately confirm the existence of a direct effect and to better characterize the biological mechanisms involved.
